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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal display device of a 
perpendicular alignment mode in which the retardation between an optical 
retardation film and a liquid crystal layer is controlled to the optimum 
value, and to provide a method and an operational device to derive the 
optimal retardation range by a small number pf process. 
SOLUTION: When the retardation of the liquid crystal cell 3 and the 
retardation of the optical retardation films 7a, 7b are to be determined 
into a proper combination in the liquid crystal display device 1 , one 
combination is first selected, and the voltage-transmittance curve Ta in 
the direction (A) which is , the largest angle in the desired viewing angle 
range and makes 45*' angle with the absorption axes 51a, 51b of the 
polarizing eiements^ 5^ 5b jn: the? piane; (direction is derived. Further, a peak 
voltage in the c^ is defined as a white voltage Vw. T 
quality such as contrast in the direction (A) is evaluated based on the 
white voltage Vw to derive the optimum combination. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal layer containing the Hquid crystal which a perpendicular orientation film is applied to a 
substrate front face, and has a negative dielectric constant anisotropy, In the liquid crystal display which carries out a 
black display to the state where have the polarizing element allotted to the both sides of a liquid crystal layer, and the 
phase contrast film arranged among both polarizing elements, and the liquid crystal molecule is carrying out 
orientation perpendicularly to the substrate in general The sum total Rth of the retardation of the thickness direction of 
the above-mentioned phase contrast film, The retardation Rlc of the above-mentioned liquid crystal layer is Rth. 
Rlc + ISOnmRth >= 1.25, Rlc - 262.5nmRlc >= 75nm and Rth >= Liquid crystal display characterized by filling 30nm. 

[Claim 2] The sum total Rth of the retardation of the thickness direction of the above-mentioned phase contrast film 
and the retardation Rlc of the above-mentioned liquid crystal layer are Rth. <= 1.5, Rlc + 80nm and Rlc >= Liquid 
crystal display according to claim 1 characterized by filling 155nm. 

[Claun 3] The liquid crystal layer containing the liquid crystal which a perpendicular orientation film is applied to a 
substrate front face, and has a negative dielectric constant anisotropy, In the liquid crystal display which carries out a 
black display to the state where have the polarizing element allotted to the both sides of a liquid crystal layer, and the 
phase contrast film arranged among both polarizing elements, and the liquid crystal molecule is carrying out 
orientation periJiendicularly to the substrate in general The sum total Rth of the retardation of the thickness direction of 
the above-mentioned phase w liayer are Rth. 

<= 1^5, R^^ ^ 
[Claim 4] The sum total Rth of the retardation of the thickness direction of the above-mentioned phase contrast film is 
Rth. <=T 250mri and Rlc >= Liquid crystal display according to clairn 1, 2, or 3 characterized by filling 30nm. 
[Claim 5] The liquid crystal display according to claim 1, 2, 3, or 4 characterized by establishing two or more fields 
where the response directions of a liquid crystal molecule differ for every pixel in die above-mentioned liquid crystal 
layer. ■ . ^ 

[Claim 6] The liquid crystal display according to claim 1, 2, 3, or 4 chairacterized by setting the response direction of a 
hquid crystal molecule as an axial symmetry in general for every pixel in the above-mentioned liquid crystal layer. 
[Claim 7] The shaft of the aboy<?-mentioned axial-symmetry orientation is a liquid crystal display according to claim 6 
characterized by preparing liiore than one for every pixel, 

[Claim 8] The retardation selection method of a liquid crystal display of carrying out a black display to the state where 
a perpendicular orientation film is applied to the substrate front face characterized by providing the following, have the 
hquid crystal layer containing the liquid crys^l which has a negative dielectric constant anisotropy, the polarizing 
element allotted to the!])pth sides of a liqviid crystal layer, and the phase contrast film ^ranged among both polarizing 
elements, and the liquid crystal molecule is canying out orientation perpendicularly to the substrate in general In case 
the combination of the retardation of the above-mentioned liquid crystal layer and the retardation of a phase contrast 
fihn is derived, it is desired display grace. The conditioning process which sets up an angle of visibility to secure the 
disjplay grace concerned The appiied-voUage determination process of drawing the voltage-permeability property of the 
above-mentioned liquid crystal display in the 1st direction in wWch it inclines most from [ of the above-mentioned 
substrate ] a normal among the above-mentioned ^a^^ of visibility, and the direction within a field of the ,above- 
mentioned substrate makes the absorption shaft of the abo ve-mentioned polarizing element, and the angle of 45 
degrees, and determining the maximum ppintlas white ypltage The judgment process which judges whether display 
grace satisfies the display grace of the above-mentioned request based on the deterihined white voltage 
[Claim 9] The display grace set up at the above-mentioned conditioning process is the retardation selection method of 
the liquid crystal display according to claim 8 characterized by what contrast and the above-mentioned minimum 
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contrast are compared, and is judged. [ in / the 1st direction of the above / it is the minimum contrast which should be 
maintained within the above-mentioned angle of visibility, and / in the above-mentioned judgment process ] 
[Claim 10] The display grace set up at the above-mentioned conditioning process is the retardation selection method of 
the liquid crystal display according to claim 8 or 9 characterized by being the permeability at the time of the white 
voltage impression in the direction of a transverse plane of the above-mentioned substrate. 

[Claim 1 1] Furthermore, it is based on the above-mentioned white voltage and the voltage-permeability property in the 
direction of a transverse plane of the above-mentioned substrate. The display grace set up at the above-mentioned 
conditioning process including the middle gradation voltage determination process of determining the applied voltage 
of middle gradation The retardation selection method of the liquid crystal display according to claim 8, 9, or 10 
characterized by being the grade of similarity in each gradation voltage-permeability property in the above-mentioned 
transverse-plane direction, and each gradation voltage-permeability property in the 1st direction of the above. 
[Claim 12] Retardation selecting arrangement of a liquid crystal display which carries out a black display to the state 
where a perpendicular orientation film is applied to the substrate front face characterized by providing the following, 
have the liquid crystal layer containing the liquid crystal which has a negative dielectric constant anisotropy, the 
polarizing element allotted to the both sides of a liquid crystal layer, and the phase contrast film arranged among both 
polarizing elements, and the liquid crystal molecule is carrying out orientation perpendicularly to the substrate in 
general In case the combination of the retardation of the above-mentioned liquid crystal layer and the retardation of a 
phase contrast film is derived, it is desired display grace. A conditioning means to set up an angle of visibility to secure 
the display grace concerned An applied-voltage detemiination means to draw the voltage-permeability property of the 
above-mentioned liquid crystal display in the 1st direction in which it inclines most from [ of the above-mentioned 
substrate ] a normal among the above-mentioned angles of visibility, and the direction wiliiin a field of the above- 
mentioned substrate makes the absorption shaft of the above-mentioned polarizing element, and the angle of 45 
degrees, and to determine the maximum point as white voltage A judgment means to judge whether display grace 
satisfies the display grace of the above-mentioned request based on the determined white voltage 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates the liquid crystal display with which the 
retardation of a phase contrast film and a liquid crystal layer was set as the optimal value, and the range concerned 
about the liquid crystal display in perpendicular orientation mode to the retardation selection method and equipment 
which can be derived by few time and effort. 

[0002] 

[Description of the Prior Art] The liquid crystal display which is easy to cut down power consumption and a size 
compared with CRT has spread widely as a screen of a word processor, a computer, or television. VA which combined 
the negative-mold liquid crystal material which the contrast of a display is high compared with TN method, and has a 
negative dielectric constant anisotropy as a quick method of a speed of response here in recent years, and the vertical 
orientation film (Verticically Aligned) The liquid crystal display of a method attracts attention. 
[0003] A liquid crystal molecule inclines at the time of voltage impression, and the liquid crystal display of the VA 
method concemed becomes a substrate with an abbreviation horizontal, shows big form birefringence and becomes a 
white display while it is not the rotatory-polarization mode of a liquid crystal molecule, and the liquid crystal molecule 
which carried out orientation perpendicularly hardly shows form birefringence but becomes a black display in the state 
of no voltage impressing using birefringence mode as indicated by JP,1 1-258605,A. 
[0004] 

[Probleni(s):tQ be Solved by the Invention] However, in the liquid crystal display of the . ^ove-menti^ 
ill Order to ope^ ih birefiihgehce mode, expansi(m;6f an angle of visibility, is difficult and a phase contrast filni is ^ ^ . 
prepared in many cases. However, in order to expand ah angle of visibility, in spite of setting the retardation of a phase 
contrast filiii; and the retardation of a liquid crystal layer as a suitable value, .since the derivatipn method of a suitable 
combination of retardation is not established, many computational complexity, measurement sizes, etc. will be needed. 
Consequently, the problem that it is difficult to reahze the liquid crystal display set as the suitable value is produced. 
[0005] Specifically, when measuring display grace in an experimerit, it is necessary to create a liquid crystal display, 
and takes time and effort. On the other hand, since it is necessary to compute an orientation state by calculating the 
equilibrium of a liquid crystal molecule even if it is the case where it computes in a simulation, computational 
cpmpiexity will become large. Therefore, in order to derive a suitable combination, supposing it sets up retardation at 
random and repeats experiment/display grace evaluation in arbitrary directions, it will take very big time and effort, 
[0006] Mor^Qver, in a liquid Crystal display, although permeability changes with applied voltage, a voltage- 
perbeability curve is not not only alignment, but changes with viewing angles a lot. Therefore, a viewing-angle 
property changes also with setup of the applied voltage at the time of a white display. Consequently, time and effort ^ 
required for still niore suitable re^^ 

[0007] ;this invention is made in view of the above-mentiohed trouble, and the purpose has the retardation oi^a phase 
contrast film and a liquid crystal layer ih offering the retardation selection method and equipment which can be derived 
by few time and effort in the liquid crystal display in perpehdicular. orientation mode in the liquid crystal display set as 
the optima! valiie, and the range concern 

[0008] ' ' " 

[Means for Solving the Problem] The liquid crystal layer containing |he liquid crystal which a perpendicular 
orientation film is applied to a substrate front face, and has a negativb dielectric constant anisotropy in order that the 
liquid crystal display concerning, this invention may solve the kbove-mentioned technical problem, In the liquid crystal 
display which cariries out a black display to tlie state where have the polarizing element allotted to the both sides of a 
liquid crystal layer, and the phase contrast film arranged among both polarizing elements, and the liquid crystal 
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molecule is carrying out orientation perpendicularly to the substrate in general The sum total Rth of the retardation of 
the thickness direction of the above-mentioned phase contrast film, The retardation Rlc of the above-mentioned liquid 
crystal layer is Rth. <= Rlc + 150nm, Rth >= 1.25, Rlc - 262.5nm, Rlc >= 75nm and Rth >= It is characterized by 
filling 30mn. 

[0009] With the above-mentioned composition, the upper limit and the minimum are set up about the retardation 
combination of a liquid crystal layer and a phase contrast film, and five or more contrast can be maintained, without 
carrying out tone reversal in the viewing-angle range at large [ to a direction ] which inclined 60 degrees fi-om [ of a 
substrate ] the normal, if it is set as the range concemed. Consequently, the good liquid crystal display of the display 
grace of a slanting viewing angle is certainly realizable. 

[0010] For the liquid crystal display of the above-mentioned composition, the sum total Rth of the retardation of the 
thickness direction of the above-mentioned phase contrast film and the retardation Rlc of the above-mentioned liquid 
crystal layer are Rth<= fiirther. 1 .5, Rlc + 80nm and Rlc >= It is more desirable to fill 155nm. 
[001 1] According to the composition concemed, the permeability of the direction of a transverse plane of a liquid 
crystal display can be kept at 0.2 or more times of the permeability of air. Consequently, the display grace of a slanting 
viewing angle can realize a good liquid crystal display certainly, without spoiling the brightness of the direction of a 
transverse plane, and contrast. 

[0012] Moreover, the liquid crystal layer containing the liquid crystal which a perpendicular orientation film is applied 
to a substrate fi-ont face, and has a negative dielectric constant anisotropy in order that the liquid crystal display 
concerning this invention may solve the above-mentioned technical problem, In the liquid crystal display which carries 
out a black display to the state where have the polarizing element allotted to the both sides of a liquid crystal layer, and 
the phase contrast film arranged among both polarizing elements, and the liquid crystal molecule is carrying out 
orientation perpendicularly to tiie substrate in general The sum total Rth of the retardation of the thickness direction of 
the above-mentioned phase contrast film and the retardation Rlc of the above-mentioned liquid crystal layer are Rth. 
<= 1 .5andRlc+ 80nm and Rlc >= It is characterized by filling 155nm. 

[0013] Moreover, the permeability of the direction of a transverse plane can be kept at 0.2 or more times of the 
permeabiUty of air, without carrying out tone reversal of it in the viewing-angle rarige at large [ to a direction ] which 
inclined 60 degrees fi-om [ of a substrate ] the normal, if the upper limit and the minimum are set up about the 
retardation combination of a liquid crystal layer and a phase contrast film and the above-mentioned composition is also 
set as the range concerned. Consequently, the display grace of a slanting viewing angle can realize a good liquid crystal 
display x:er|tmnl^^^^ the bri arid contrast; 'Y'- ' ' ''^t : 

[0014] Fu^ . 
retardatipn of tiie thickness (direction of the above-mdtitidried phase contrast filin is Rth'. <= ^50nm and Rlc >= It is 
more desirable to fill 3 Onm. ; 

[0015] Accordi^g to the composition concemed, in the viewing-angle range at large [ to a direction ] which inclined 60 
degrees from^[ of a substrate ] the normal," fe^ which was similar to the voltage- . 

permeability property in the direction of a transverse plane in general can be maintained. Consequently, even if it sees 
the picture displayed on a liquid crystal display fi-om which direction of the above-mentioned viewing-angle range, the 
ratio of the lumihosity between each gradation becoriies the in general same value, and can realize a liquid crystal 
display with the good gradation property of a slanting viewing angle. 

[0016] Moreoyeri iri the liquid above-mentioned cbmposition, two or more fields where the 

response directions of a Uquid crystal mbl^^^ for every pixel may be estabhshed in the above-mentioned liquid 

crystal layer. Furthermore, in llie above-mentioned liquid crystal layer, the response direction of a liquid crystal 
molecule may be set in general as l^ie axial symmetry for every pixel. In addition, two or more shafts of the above- 
mentioned SDcial-symin established for every pixel. According to these composition, since a 
mutual field carries put optical compensation and it suits by, orientation division of a pixel, the display grace of a 
slanting,\aewing a^^ realize s go6d liquid crystail display more. ^ 
[00i 7] On the other han4, the retardation selection method of the liquid crystal display concerning this invention The 
liquid cry^ layer wn^ the liquid crystal which! a peirpendicular oneititatioh film is applied to a substrate front 
face, and lias a negative dielectric constant anisotropy. It has the jpolma^ to the both sides of a liquid 
crystal layer, and the phase contrast fiM arr both polmizihg elements. In order that a liquid crysi^l 
molecule may be the retardation selection metiiod of a liquid crystal display of carrying out a black display to the state 
where orientation is perpendicularly c^ed out in.general to the substrate and may solve the above-mentioned 
technical problem In case the conibiriatioh of the retardation of the above-mentioned liquid crystal layer and the 
retiardjation of a phase contrast film is d€5rived, desir<ed display grace, The conditioning process which sets up an angle 
of visibility to secure the display grace concemed, and the ihside bf the abpve-mehtidned angle of visibility^ Incline 
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most from [ of the above-mentioned substrate ] a normal, and the direction within a field of the above-mentioned 
substrate draws the voltage-permeability property of the above-mentioned liquid crystal display in the 1st direction 
which makes the absorption shaft of the above-mentioned polarizing element, and the angle of 45 degrees. It is 
characterized by including the applied-voltage determination process of determining the maximum point as white 
voltage, and the judgment process which judges whether display grace satisfies the display grace of the above- 
mentioned request based on the determined white voltage. In addition, for example, the properties of a liquid crystal 
display, such as a voltage-permeability property, may be computed by the simulation, and it may experiment and they 
may be drawn. 

[001 8] With the above-mentioned composition, based on a desired angle of visibility and the absorption shaft 
orientation of a polarizing element, display grace determines the 1st worst direction and determines the maximal value 
of the voltage-permeability curve of the 1st direction concerned as white voltage. Thereby, predetermined voltage can 
be determined as white voltage, or white voltage can be most highly set up compared with the case where white 
voltage is determined based on the permeability of other directions etc., in the range which does not carry out tone 
reversal within the above-mentioned angle of visibility by fewer computational complexity or a fewer measurand. 
Consequently, tone reversal is not carried out within an angle of visibility, but the combination of retardation with the 
moreover highest display grace can be derived by comparatively few time and effort. 

[0019] Moreover, in the above-mentioned composition, the display grace set up at the above-mentioned conditioning 
process is the minimum contrast which should be maintained within the above-mentioned angle of visibility, and the 
above-mentioned judgment process may compare and judge the contrast and the above-mentioned minimum contrast 
in the 1 st direction of the above. 

[0020] According to the composition concerned, the contrast of the 1st direction where display jgrace is the worst can 
derive the combination with which desired conditions are filled within the above-mentioned angle of visibility. 
Therefore, the retardation combination which can secure the above-mentioned minimum contrast at least can be 
derived by comparatively few time and effort throughout [ above-mentioned ] tiie inside of an angle of visibility. 
[0021] Furthermore, in each above-mentioned composition, the display grace set up at the above-mentioned 
conditioning process may be the permeability at the time of the white voltage impression in the direction of a 
transverse plane of the above-mentioned substrate. According to the composition concemed, the retardation 
combination for the brightness and contrast of the direction of a transverse plane realizing a good Uquid crystal display 

can be derived: ' ■-. v - - ' \. ' -\- . .4 ' • . 

[0022] More^ver^ the disj^^^ set up at the abovei-m^^ including the middle 

gradatibn voitage deteiMn^ determining the-appli^ voltage of mdidle gradation, based^dh the above- 

mentioned white voltage and . the voltage-permeability property in the direction of a transverse plane of the above- 
mentioned substrate may.be the grade of similarity in each gradation voltage-permeability property in the above- 
mentioned transyerse-plane direction, and each gradation voltage-permeability property in the 1st direction of the 
aboyei in ea!ch above-mentioned cbm^ 

[0023]' With the above-mentioned composition, after determining middle gradation voltage based on the white voltage 
decided at the above-mentioned applied- voltage determination process, the grade of similarity of the 1st direction, the 
direction of a transverse plane, and a gradation voltage-pemeabiUty property is judged. Consequently, even if it is the 
case where the picture displayed on a liquid crystal display is seen from which direction of [ in the above-mentioned 
angle of visibility ], retardation combination to wWch the ratio of the luminosity between «each gradation is similar can 
be derived by comparatively few tim^ r . ^ 

[0024] Moreover, the retardation sefecting arrangemeiit of the liquid crystal display concerning this invention The 
liquid crystal layer containing the liquii;ciysta.l which a perpendicular orientation film is applied to a substrate front 
face!, and has a negative dieledric consta^ It has the polarizing element allotted to the both sides of a liquid 

crystal layer, and the phase contrast film\^anged an^ elements. In order that a Uquid crystal 

mbidcule may be the retardation selecting arranganent of a liquid crystal display which carries out a black display to 
the state where 6ri6^^ is perp^endicularly carried^ ou^ in general tp^the substrate and may solve the above-mentioned 
technical probleni In case the combination of the retardation of tlie above-mentioned liquid crystal layer and the 
retardation of a phase contrast film is derived, desired display grace, A conditioning means to set up an angle of 
visibility to secure the;display grace concemddi arid the inside of tiie above-mentioned angle^of visibility, Incline most 
from [ of the aboye-mentioned substrate ] abnormal, and the direction within a field of the above-mentioned substrate 
draws the voltage-permeability pix)pei^ liquid crystal display in the 1st direction whiph makes 

the absorption shaft of the above-mentioheid polarizing element, and the angle of 45 degrees. It is characterized by 
havn^ioi e^^ meafts to determine the maximum point as white voltage, and a judgment 

means to judge whM^ di^lay::grace satisfies ttie display grace of the above-mentioned request based on the 
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determined white voltage. In addition, by the simulation, the above-mentioned applied-voltage determination means 
and a judgment means may compute the property of a liquid crystal display, and may draw the property of a liquid 
crystal display based on the inputof an experimental result. 

[0025] Since the above-mentioned retardation selecting arrangement derives the combination of the retardation of a 
liquid crystal layer, and the retardation of a phase contrast film by the above-mentioned retardation selection method, 
predetermined voltage can be determined as white voltage, or compared with the case where white voltage is 
determined based on the permeability of other directions etc., it is fewer computational complexity or a measurand, and 
can set up white voltage most highly in the range which does not carry out tone reversal within the above-mentioned 
angle of visibility, for example. Consequently, tone reversal is not carried out within an angle of visibility, but the 
combination of retardation with the moreover highest display grace can be derived by comparatively few time and 
effort. 
[0026] 

[Embodiments of the Invention] [1st operation gestalt] It is as follows when 1 operation gestalt of this invention is 
explained based on drawing 1 or drawing 7 . That is, the liquid crystal display 1 concerning this operation gestalt is 
equipped with phase contrast film 7a and 7b of the negative film arranged, respectively between the hquid crystal cell 
3 containing the liquid crystal layer 32 pinched by substrate 3 la and 3 lb, polarizing-element 5a and 5b which were 
allotted to the both sides of a liquidfcrystal cell 3, and between a liquid crystal cell 3 and polarizing-element 5a and a 
hquid crystal cell 3 and polarizing-element 5b as shown in drawing 1 . 

[0027] The direction of absorption shaft 51a and 51b of the above-mentioned both polarizing-elements 5a and 5b is set 
up so that it may intersect perpendicularly. Moreover, the sense (field inboard) of the lagging axis of phase contrast 
film 7a and 7b is set up so that it may become 45 degrees to absorption shaft 51a and 51 of polarizing-element 5a and 
5b b. 

[0028] The TFT substrate which the above-mentioned Uquid crystal cell 3 is a liquid crystal cell of a perpendicular 
orientation (VA) method, and, on the other hand, arranged TFT (TFT) and the pixel electrode 33 (after-mentioned) in 
the shape of a matrix (substrate 3 1 a and 3 lb on the other hand), While printing the perpendicular orientation film 
which is not illustrated to the Ught-filter (CF) substrate (another side of substrate 31a and 31b) which has a 
counterelectrode and sticking both substrates 3 1 a and 3 lb on it, the liquid crystal layer 32 which has a negative 
dielectric constant anisotrbpy is enclosed and created in the gap of both substrates 31a and 31b. Thereby, at the time of 
no voltage impressing, while the liquid crystal molecule of the liquid crystal layer 32 carries out orientation to an 
abbre\aatiori perpen^^^ at the time of voltage m molecule inclines arid orientation can be 

carried out horizontally. Ftiiflie^ liquid cfyistalc^^^^ 3 cbnbernirig t^ gestalt, as shown in drawing 

2 , the abbreviation square drill-like salient 34 is formed in each pixel electrode 33 prepared in one substrate 31a (31b). 
Orientation of the above-mentioned salient 34 is carrieid out so that it may be set up so that the direction of each slant 
face and the direction which projected the direction more perpendicular to each slant face in a detail into the field of 
substrate 3 l a and 32a may niake absorption shaft 51a and 51b, and the angle of 45 degrees of the above-mentioned 
polarizing-element 5a and 5b, and a liquid crystal molecule may become perpendicular to each slant face near the 
salient 34. In addition, the electric field of the portion of salient 34 incline in the direction which becomes parallel to 
the slant face of saUent 34 at the time of voltage impression, In case a Hquid crystal molecule inclines these results at 
the time of voltage impression, in field inboard, it is easy to incline to a direction 45 d^egrees to absorption shaft 51a 
and 51b. In addition, on the above-mentioned TFT substrate, each above-mentioned sialient 34 applies a light-sensitive 
nature resin, and can form it by processing it at a phqtp lithography process. 

[0029] In the liquid crystal display 1 of the above-mentioned composition, at the time of no voltage impressing, 
orientation of the liquid crystal mplecu^ crystal layer 32 is carried out to an abbreviation perpendicular to 

the fix)nt face of substrate 3 la (3 1 a) except for an. about 34-saHent a small nutnber of molecule, and the liquid crystal 
layer 32 has almost no form birefiirigence. Consequently, a good black display is obtained. On the other hand, when an 
electrodfe is impressed to the pixel electrode 33, the liquid crystal molecule of the pixel corresponding to the pixel 
electrode 33 inclines so that absprptibn shaft 51aand 51b, an^ the angle. of 45 degrees may be.made by field inboard, . 
and carries out orientation to an abbreviation^horizorital to the front face of substrate 3 1 a and 3 lb. Consequently, the 
liquid crystal layer 32 has strong form birefiingence, and the pixel poncemed becomes a white display. 
[0030] Moreover, when the voltajge oSmiddle gradation is impressed, since the liquid crystal niolecule of the pixel' 
concemed does not become level to substrate 3 1 a.and 3 lb, if the user (observer) of a liquid ciystal display 1 sees from 
' [ of a liquid, crystal molecule ] a niajpr axis, it will be visible [ a molecule / user ] to a black display; However, with this 
operation gestalt, since prientatipn^ d^^^ 1 pixel is carried put at plurality (this example four) corresponding.to 

each slant face, the transmitted tight frpm'ffi^^^^ in which the liiiuid crystal molecule is carrying out orientation in 

other directions among the pixels cpncerneff is told to the user of the above-mentioned direction. Consequently, ; . 
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compared with the case where orientation division has not been carried out, middle gradation is more discriminable 
from a latus viewing angle. 

[003 1 ] here - the display grace from a slanting viewing angle ~ the total of the retardation of the above-mentioned 
both phase contrast film 7a and 7b - in order to realize the liquid crystal display 1 which had good display grace since 
it changed sharply according to Rth and the retardation Rlc of a liquid crystal cell 3, it is necessary to select these 
values to a suitable value However, supposing it sets up retardation at random and repeats experiment/display grace 
evaluation in arbitrary directions in order to derive a suitable combination as mentioned above, it will take very big 
time and effort. 

[0032] With this operation gestalt, the numerical range from which high contrast is especially acquired at the time of a 
slanting viewing angle was found out, without applying big time and effort by determining the white voltage Vw and 
judging whether display grace fulfills desired conditions based on the voltage-permeability curve Ta in the direction A 
determined from the structure and the angle of visibility alpha of a liquid crystal display 1. 

[0033] Here, with this operation gestalt, the property of a liquid crystal display 1 is searched for in the simulation, and 
each following step is carried out with the arithmetic unit (retardation selecting arrangement) 101 shown in drawin g 3 . 
The simulation processing section 102 which derives the permeability in the arbitrary angles of the liquid crystal 
display 1 with which the specified voltage was impressed to the arithmetic unit 101 concerned by the simulation, The 
parameter storage section 103 which memorizes a parameter required for a simulation, The conditioning section 104 
which sets up the conditions of requests, such as an angle of visibiUty alpha and contrast, (condition selection means). 
The retardation setting section 105 which chooses Retardation Rth and Rlc, The applied-voltage determination section 
106 which deriveis the white vbltage and black voltage of the range in which the liquid crystal display 1 which controls 
the above-mentioned simulation processing section 102, and has above-mentioned retardation Rth-Rlc does not carry 
out tone reversal within the desired angle of visibility alpha (applied- voltage determination means), The evaluation 
section (judgment means) 107 which evaluates the contrast of the liquid crystal display 1 with which the above- 
mentioned simulation processing section 102 is controlled, and the voltage concerned is impressed is formed. In 
addition, the above-mentioned each part material 102-107 is functional block realized because operation part, such as 
CPU, performs the program stored in the storajge sections, such as ROM and RAM. The computer concemed can 
operate as an arithmetic unit 101 by the computer which has operation part and the^storage section reading from the 
record medixmi which recorded the above-mentioned program, or transmitting through a channel, and acquiring and 
execxiting the above-me^^ - : ' ^ 

[0034] In theMthiii 101 of ^.^y^^ the paraihft^ for deriving the pemieabiUty of 

the liquid crystal disfilay 1 in the i^bitt^aiy di^^ voltage impresses taseid on directions of a user etc. 

is set as the parameter storage section 103 in Step 1 (below, it calls for short like SI) shown in drawing 4 . An elastic 
coefficient, a dielectric constant, a refractive index, a helical pitch, etc. are contained in the parameter concemed as a 
parameter of liquid crystal. Moreover, for example, cell **, achoring energy, a pre tilt angle, the parameter that shows 
the cellular structure are contained in the above-mentioned parameter as a parameter of a liquid crystal cell 3. If a 
parameter is set up by the above SI, in 82, based on the above-mentioned parameter, the simulation processing section 
102 of an arithmetic unit 101 will calculate the equilibrium in each voltage, and will calculate the orientation state of 
the liquid crystal molecule in each voltage. 

[0035] on the other hand — the coiiditioning section 104 - S3 - setting — for example, directions of a user etc. -- being 
based — the desired angle of visibility alpha (for example, 60 degrees) and the minimum - required contrast (for 
example, 5) is inputted, Furthermore, in S4, .the retardation setting section 105 sets up the initial value (for example, . 
1 Oniri) of the retardation Rth of phase contrast film 7 a and 7b based on an index ellipsoid, film **, etc. which form for 
example, phase contrast film 7a and 7b. Specifically, since it is set as nl=n2>n3 when phase contrast film 7a and 7b 
are negative films, sets the refractive index within a field to nl and n2 and the refractive index of the direction of a 
normal is set to n3 The retardation Rtli.of phase contrast fihn 7a and 7b should be shown in the following formulas (1). 
Rtii=dtii. {(nl+n2 )/2-n3} : = 
= 4thr(nl-n3) --(lX ::L ' ; 

It becomes. In addition, in an upper, formula (1), dth is. the sum total of film ** of phase contrast film 7a and 7b. On the 
other hand, the retardation Rlc of a liquid crystal cell 3 should be shown in the following formulas (2). Rlc=dlcfdeltan - 
-(2)" ;,■ .. : 

It comes out, and it "is and the initial value (for example, lOnm) of Retardation Rlc is drawn based on rate of 
birefringence deltan, the cell thick die of the liquid crystal cell 3 set up by the above SI, and rate of birefiingence 
deltan. In addition, as long as it is a setting possible value as retardation Rlc and Rth, Retardation Rlc and Rth may be 
set up first and thickness die and.dth may be counted backward based on the above-mentioned formula (1) and a 
formula (2). 
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[0036] If the initial value of Retardation Rlc and Rth is set up in the above SI and S4, it will set to S5. the applied- 
voltage deteimination section 106 As a direction (direction A) where display grace is the worst, the direction of the 
maximum viewing angle (the angle with the direction of a normal of the fi-ont face of for example, substrate 3 la and 
31b to make is 60 degrees) determined as absorption shaft 51a and 51of polarizing-element 5a and 5b b by nothing and 
the above S3 in 45 degrees by field inboard is chosen. Furthermore, as the simulation processing section 102 is 
controlled and it is shown in a dashed line among drawing 5 , the applied-voltage determination section 106 draws the 
voltage-permeabiUty curve Ta in the direction A concerned, and sets up the voltage firom which permeabihty serves as 
the maximum (Xw point) as white voltage Vw. Moreover, the voltage used as the minimum of permeability is set up as 
black voltage Vb. 

[0037] Here, the above-mentioned directions A are the above-mentioned absorption shaft 51a and 51b, and an angle 
which makes 45 degrees in a field, and are most distant from the normal in the angle of visibility alpha set up by the 
above S3. Consequently, as shown in drawing 5 , the voltage-permeability curve Tf and field inboard of the direction 
of a transverse plane are parallel to absorption shaft 51a and 51b, compared with the voltage-permeability curve Tb in 
the direction B of the maximum viewinig angle,*display grace is bad, not only the change range of permeability is 
narrow, but the maximal value of permeability exists and the range in which permeability carries out a monotonous 
increase is narrow. Therefore, if it sets up so that the voltage temporarily beyond the voltage used as the above- 
mentioned maximal value may also be impressed, in the above-mentioned direction A, tone reversal will occur and the 
part which other directions and Ught and darkness reverse will appear in a display image. In addition, in this drawing, 
the value which makes the permeabihty of air 1 time shows permeability. Moreover, the unit of voltage is [V]. 
[0038] However, in the above S5, the highest voltage is set up as white voltage (Vw) in Direction A among the ranges 
in which permeability carries out-a monotonous increase. As a result, for example, predetermined voltage, it can, 
determine as white voltage, or compared with the case where white voltage is determined based on the permeability of 
other directions etc., by fewer computational complexity, it is the highest in the range which does not carry out tone 
reversal within the angle of visibility alpha set up by the above S3, and white voltage can be set up. 
[0039] It judges whether when the white voltage Vw and the black voltage Vb were determined, the evaluation section 
1 07 controlled the simulation processing section 1 02 by the above S5, it estimated the display grace of the hquid 
crystal display 1 when the voltage conierried is impressed in S6, and the good viewing-angle property was acquired in 
S7byit., 

. f [0040] Witii this operation gestaltj;v^ of contrast is beyond a vahae (for example, 5) set up 

C befOTehsfibyd js^sti^ ^>C^|i<iuid1c^ iV aiid a^ the mimnmm value of cQutrastj in'the 

abbve-irientiohed (Urection A,'the eyaliiiaifipn sdttioh 107 computes the ratio 6f the peaineabiiity Taw at ttie time of 
white voltage Vw impression, and the permeability Tab at the time of black voltagesVb impression, and evaluates 
display grace by whether the.value concerned is moi-e than the above-mentioned set point. In addition, since both the 
permeability Taw and Tab is drawn in case it derives the voltage-permeability curve Ta in the above-mentioned S4, it 
can compiflte the ihii^xim value of contrast by few computational complexity. 

[004 1 ] Since the combination of Retardation Rlc and Rth is suitable when a good viewing-angle property is acquired 
by the judgment of the above S7; an arithmetic unit 101 completes optimization. On tiie otiier hand, when a good 
viewing-an^e property is not acquired (in the case ['Above S7, ] of NO), in S8, the evaluation section 107 is tiie 

t retardation Rlc of tiie liquid crystal cell 3 set up now, based on the change history, of the display grace when changing 

^ Retardation' Rthuntii now, if retardation Rth is enlw^^ whether a property gets worse, and 

judges whether it is necessary to change the abbve-nientioned retardation Rlc. For example, when the present 
retardation R#is judged to be the maximum from lli^ histoiy of change of the above-mentioned display grace, in S9, 

[ the 'evaluation W<^^ 107 changes tiie value of the parameter storage section 103, changes cell ** and the refractive 
index of a liquid crystal cell 3, and chaiige^ lO etc.nm of retardation Rlc of a liquid crystal cell 3 etc. at a time by 

^ predetennined value serration. After that, the processing after tiie above S2 is repeated. On tiie other hand, even if it 
makes Retardation Rtii increase, when it is presumed that display grace does not fall (in tiie case [ Above SB, ] of NO), 
tiie evaluation section 107 repeats the above-mentioned S4 or subseqiibit ones, and the retardation setting section 105 

J- makes the retardatioii Rtii of phase cbnfrast film .7a and 7b, such as every 10 etcnm, , increase by predetermined value 

^ serration, and it reevaluates display grace. 

^ [0042] With tiie above-mentioned composition, white and blaick voltagie are determined based on the voltage- 
permeability curve Ta in tile specific direction A determined as absorption shaft 51a and 51 of polarizing-element 5a 
and 5b b with tiie desired angle of visibility alpha. As a result, for example, predetermined voltage, it can determine as 
I white voltage, or compared with the case where white voltage is determined based'on tiie permeability of other 
\ directions etc., by fewer compiitationai complexity, it is tiie highest in tiie range which does not carry out tone reversal 
i vvitiiin the aboy^-mentioned ^gle of visibili^ aitpha, and white voltage can be set up. Therefore, by tiie fewer effort. 
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tone reversal is not carried out within the desired angle of visibility alpha, but the liquid crystal display 1 with the 
moreover highest (the brightest) permeability can be manufactured. 

[0043] In addition, although reference is closed in the flow chart of drawing 4 when a good viewing-angle property is 
acquired, after a good viewing-angle property is acquired, Retardation Rlc and Rth is changed, and if the range from 
which a good viewing-angle property is acquired is computed, it will become like drawing 6 and drawin g^ . Even in 
this case, in each combination of Retardation Rlc and Rth, since a viewing-angle property is judged where white 
voltage is set up so that it may become the brightest in the range which does not carry out gradation within an angle of 
visibility alpha, the experiment and computational complexity for every combination are reducible. 
[0044] Here, it is a high line that each line of drawing.6 shows the range of the retardation Rlc and Rth which can 
attain the minimum contrast in each at the time of changing the minimum contrast set up as conditions by 2.5 serration 
to 2.5-12.5 by the above S3 etc. As a value which does not have a problem in practical use in any way among the 
above, if contrast 5 is chosen, it will become the range of drawing 7 . If this drawing is examined in detail, in order not 
to carry out tone reversal in the range to 60 viewing angles but to maintain contrast 5 at least by the within the limits 
concerned moreover, the sum total Rth of the retardation Rlc of a liquid crystal cell 3 and the retardation of phase 
contrast film 7a and 7b should be shown below. Rth <= Rlc + 150nm - (3) 
Rth >= 1.25, Rlc - 262.5nm - (4) 
Rlc >= 75nm - (5) 
Rth >= 30nm ~ (6) 

It turns out that it is necessary to carry out ** satisfactory. 

[0045] Therefore, if a liquid crystal cell 3 and the retardation Rlc and Rth of phase contrast film 7a and 7b are set up so 
that the above-mentioned formula (3) - a formula (6) may be satisfied in case a liquid crystal display 1 is manufactured, 
also in a slanting viewing angle, good contrast is securable. 

[0046] At [the 2nd operation gestalt] and time, the display grace of a liquid crystal display was judged with the 1st 
operation gestalt by whether the contrast of the request by desired angle-of-visibility alpha within the limits is 
maintainable. On tiie other hand, tiiis operation gestalt explains the case where display grace is judged, based on the 
permeability at the time of the white voltage of the direction of a transverse plane which influences the brightness and 
contrast of tile direction of a transverse plane of a liquid crystal display. 

[0047] That is, with this operation gestalt, as shown in drawing 8 , in S21 replaced with and prepared in S3 shown in 
dfaw^ i the conditioning section 1 04 sets up the permeabilit)^ (for ex:ample, 012 tim^ 

permeability (pfaiitinto^^^H^ viey/iiig-angle ■ 

property. Moireov^, in Si22 replaced with and prepared in S6,'tlie evaluation section 1 07 cbntrols the simmation 
processing section 102, draws the permeability Tfw of the direction of a transverse plane at the time of impressing the 
white voltage Vw determined by the above S5, and evaluates whether it is beyond the value to which the permeability 
Tfw cdiicerned was set by the above S21. For example, in the example shown in drawing 9 , the permeability Tfvy of 
the direction of a transverse plane is abbut 0.4001 , and the white voltage Vw determined by the above S5 shows 
fulfilling the above-mentioned conditions. In addition, the above-mentioned permeability is the value which made the 
permeability of air 1 time. Moreover, based on the voltage-permeabiUty curve Ta of Direction A, the white voltage Vw 
is determined by this case as well as the 1st operation gestalt. Therefore, tfie parameter of a liquid crystal display 1 can 
be set up' so that tone reversal may not be carried put within the desired angle of visibility alpha but pemieability may 
moreover become high (bri'ght) most by the fewer effort; 

[0048] Here, like drawing 6 and drawing 7 , afl:er a good viewing-angle property is acquired, Retardation Rlc and Rth 
is changed, and if the range^ from which a good viewing-angle property is acquired is cpmputed,^ it will becom^ like 
drawing. 10 a^ drawih g^il /In ^wing 10 , :it is d high line that eadi line sfiowsr tlte- r^ 

Rth which can attain the permeability concerned in each at the time of changing the permeability Tfw at the time of the 
white voltage of tihe direction of a; tr^^^ up as conditions by the above S21 to 0.05 serration to 0.05-0.45 

etc. As a value which^ddes hot have a probiem in practical use in any way among the above, if permeabihty Tfw=0.2 at 
tiie time of tbe white voltage of the direction 6f a tr£bsverse pl^e are chosen, it will become the range of drawing _ll . 
If this drawing is examined in detail, tone^reversal is not carried out in the range to 60 viewing angles, but in order to 
make the permieability Tfw at the tinie of the white voltage bf the direction of a transverse plane or more into 0.2, 
mofwver, tjie siim total Rth of the retardiatipn Rlc of a liquid crystal cell 3 and the retardation of jphase conttast filiii 7a 
and 7b should be shown below. Rth <= 1 .5, Rlc + 80nm ~ (7) 
Rlc>= 155nin-(8) 

It turns put that it is necessary to carry out ** satisfaQtor^^ 

[0049],Theref6re, if a liquid crystal cell6:;jand the retardation Rlc arid Rth of phase contrast film 7a and 7b are set up so 
that an abbv^-mentioned fomiiila (7) arid an^above-nientioned formula (8) riiay be satisfied in case a Uqiiid crystal 
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display 1 is manufactured, the tone reversal of a slanting viewing angle can be suppressed, without spoiling front 
brightness and front contrast. • r- 

[0050] It is more desirable to keep the ratio of the brightness of each gradation the same mutually irrespective ot a 
televiewer's viewing angle, when a Uquid crystal display 1 indicates by gradation in time with [the 3rd operation 
gestalt]. This operation gestalt explains the case where display grace is judged by desired angle-of-visibility withm the 
limits based on whether the ratio of the permeability Tan of the direction A in each gradation n and the permeabihty 
Tfii of the direction of a transverse plane is predetermined within the limits as an error criterion of further others in 
order to secure good display grace also at the time of a gradation display. 

[0051] That is, with this operation form, as shown in drawing J 2 , in S31 replaced with and prepared m S3 shown in 
drawing 4 , the conditioning section 104 sets up the ratio which the permeabihty Tan of the direction A in each 
gradation n and the permeability Tfh of the direction of a transverse plane should satisfy as conditions for a good 
viewing-angle property. In addition, although the ratio itself may be set up, with this operation form, the range of the 
permeability Tan in Direction A is set up. Specifically, in the case of eight gradation (i.e., black), it is the 0th gradation, 
and if the permeability Tfw at the time of the white voltage in the direction of a transverse plane is normalized as 100% 
when white is the 7th gradation, the permeability Tf6 of the 6th gradation in the direction of a transverse plane will 
become 6/7 i.e., about 85.7%. In this case, as conditions for a good viewing-angle property, the permeability Ta 6 of 
the 6th gradation in Direction A makes 100% the permeability Taw at the time of the white voltage in Direction A, for 
example, is set as 80% - 95% of range. ,n. • u 

[0052] Moreover, with this operation form, after setting up the white voltage Vw and the black voltage Vb m above- 
mentioned 85, in S32, the appUed-voltage determination section 106 controls the simulation processing section 102, 
and computes the permeabihty Tfii of the direction of a transverse plane in each gradation based on the permeability 
Tfw of the direction of a transverse plane in the white voltage Vw, and the permeability Tfb of the direction of a 
transverse plane in the black voltage Vb. Furthermore, the appUed voltage used as each permeability Tfii is determined 
for every gradation from the voltage-permeability curve Tf of the direction of a transverse plane. As mentioned above, 
if the case of eight gradation is made into an example, since the permeability Tf6 of the 6th gradation in the direction 
of a transverse plane turns into about 85.7% of the permeability Tfw at the time of white voltage, m the voltage- 
permeability curve Tf top of the direction of a transverse plane shown in drawing 13 , the voltage V6 correspondmg to 
the point X6 of permeability Tf6 will be set up.as applied voltage V6 of the 6 th gradation. 

[0053] Furthermbr^fif the # of e&h gradation is determiri^a replaced with and prepared in S6, 

the evaluation section;lG7 wilicontrbl the simulation proces^^^^^ seGtioii;i.02, will draw the pemieabihty T^:of the 
direbtiwi A in each applied voltage determined by the above 832, and will judge: whether it is within the limits to 
wWchtfie permeability fan concerned was set by the above 831. hi addition, based on the voltage-permeability curve 
Ti of Direction A, the white voltage Vw is determined by this case as well as the 1st operatipn form. Therefore, by the 
fewer effort, tone reversal is not carried out within the desired angle of visibility alpha, but nioreover, the parameter of 
a liquid crystal display 1 cW be set up so that it may become the gradation which was similar with the gradation of the 
direction of a transverse plmie within the angle of visibility alpha concerned also in the direction where display grace is 

[0054^'Here, like drawing 6 and drawing 7 . after a good viewing-angle property is acquired. Retardation Rlc and Rth 
is changed, and if the range from whi6h a good viewing-angle property is acquired is computed, it will become like 
drawing 1 4 and drawing 15 . In drawingl4 , it is a high line that the range of the retardation Rlc and Rth from which 
Se permeability fa 6 in tiie direction A of [ at the time of applying the applied yoltage V6.of the 6th gradation ] _ 
becomes a predetermined value is shown etc., and each line is a contour line of 0.75% serration from 57.5% to ;95 /o, 
wh%n tiie permeability Taw at the time of the whit^ voltage impression in Direction A is made into 100%, As a value 
which'does not have a problem in practical use in any way among the above, if 95 to 80% of range is chosen by the 
case of the 6th gradation, it will become the range of drawing 15 . If this drawing is examined in detail, tone reversal is 
not carried out in the range to 60 viewing angles, but in order to make, the gradation property in Direction A into the 
properfy. of the direction of a transverse plane in general at an analog, moreover, the sum total Rth of the retardation, 
Rlc of a liquid crystal cell 3 and the retardation of phase contrast filpi 7a and 7b should be shown below, Rth <- . / 
250nm ~ (9) , . , . 

Rlc>=30nm~(10) 

It turns out that it is necessary to carry out** satisfactory. r-. n a-tu * 

[0055] Therefore, if a liquid crystal cell 3 and the retardation Rlc and Rth of phase contrast film 7a and 7b are set up so 
that lii above-mentioned formula (9) and aii above-mentiohed formula (10) may be satisfied, witiun the limits of ttie 
• desired ^gle, of visibility alpha, tone reversal is not carried put but, inoreover, the liquid crystal display 1 m which the. . 
gi^Matiion propaty and Analogous p - 
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[0056] [4th operation form] This operation form explains the case where display grace is judged by all the critena m 
the above 1st or the 3rd operation form. That is, as shown in drawing 16 , with this operation form, the contrast in 
Direction A, the luminosity of the direction of a transverse plane, and the relation between the permeability of the 
direction A in each gradation and the permeability of the direction of a transverse plane are set up as conditions for 
good display grace in S41 replaced with S3 of drawing 4 . 

[0057] Moreover, after the applied voltage of each gradation is determined, by S43 replaced with S6, the contrast m 
Direction A, the luminosity of the direction of a transverse plane, and the relation between the permeability of the 
direction A in each gradation and the permeability of the direction of a transverse plane are drawn, and the display 
grace of a liquid crystal display 1 is judged the S42 [ same ] as S32 of drawing 12 . In addition, based on the voltage- 
permeability curve Ta of Direction A, the white voltage Vw is determined by this case as well as the 1st operation 
form. Therefore, the parameter of a liquid crystal display 1 can be set up so that tone reversal may not be carried out 
within the desired angle of visibility alpha but it may moreover have the effect of the 1st or 3rd liquid crystal display 
by the fewer effort. . 
[0058] The range which the range shown in drawing 7 , the range shown in drawing 1 1 , and the range shown in 
drawing 15 overlapped as it changed Retardation Rlc and Rth after a good viewing-angle property is acquired like 
[ here ] drawing 7 , and it was shown in drawing 17 , when the range from which a good viewing-angle property is 
acquired was computed is acquired, therefore, an above-mentioned formula (3) - a formula (10) ~ without spoiling the 
permeability of the direction of a transverse plane, if a liquid crystal cell 3 and the retardation BUc and Rth of phase 
contrast film 7a and 7b are set up, so that all may be satisfied, tone reversal is not carried out within the limits of the 
desired angle of visibility alpha, but the minimum contrast is beyond a predetermined value and, moreover, the liquid 
crystal display 1 with which the gradation property of the direction of a transverse plane and the arbitrary direction was 
similar can be realized 

[0059] By the way, although the retardation Rlc of a liquid crystal cell 3 was changed and change of the above- 
mentioned retardation Rth is repeated with the 1st or 4th operation form when display grace gets worse while changing 
the sum total Rth of the retardation of phase contrast film 7a and 7b from initial value, the selection method of an 
evaluation point (Retardation Rlc and Rth should put together) is not restricted to this. For example, you may search an 
optimum value, changing the both sides bf both the retardation Rlc and Rth based on an evaluation result, as shown in 

drawing 18 . - . „ ^ 

[0060] Siiecifeeally^ bn the tv^b-diiHensiohal map centering on Retardation Rlc ahd Retardation Rth, at first, ttiree 
points (Ric, M) .are:choSen arbitfaniy: the UqUid crystaldisplay 1 in each point is ey^luated. 

For example, SS aiii S6 which are'shown'm (ia.wing 4 are processed f6r each point, arid the example of the I'st 
operatibri foim estimates the contrak of Direction A. .' 
[0061] Here, when it considers as points CI, C2, and C3 from order with low evaluation among each pomt, tiie middle 
point of a point CI and a point C3 is computed, and it considers as a point C4. Furthermore, the extemally dmdmg 
point of 1 :2' the middle point, the externally dividing point of 2: 1 , and tiie externally dividing point of 3 :2 are 
computed as Dl - a point D4, respectively on the basis of tiie point CI describing above and apoint C4. Mpreover, tiie 
display grace ofa liquid crystal display 1 is esvaluated about each point'Dl-D4. ;,. 
[0062] Furthermore, the point 1 among pdiiits DlrD4 that evaluation is tiie highest is replaced with a pomt CI, 
evaiiiationofPointE,apointG2,ahdap6intG3 is-c6inpared, and calculation of a point Dl - apointD4and 
evaiuation of display grace are r^eatfed as new.points CI, C2, and C3 in tiie low order of evaluation. In addition, 
evaluation may not be restricted to tlie conti-ast of Direction A etc. and may be synthetically judged based on the 
comprehensive evaluation value computed by tiie predetermined performance index from brightiiess, a gradation 
prOperty,'^k of the contf ast of ^^^^^ 

[0063] Since the white voltage Vw is determined also by tiie above-mentioned method based on tiie yoltage- 
peraieability curve Ta of Direction A, tiie retardation Rlc and Rth which fills desired cdnditidhs witii fewer 
computationallcomplexity, is computable. Furthermore, altiiough tiie range which fills desired conditions witii tiie 
metiibd^cOncehi^^ unlike dr^dng4-i dramngi , todnjgJLl and drawingl6.is uhcomputable, since the both sides of 
botii tiie retardation Rlc arid Rth are adjusted according to an evaluation result, it is computational complexity still 
fewer tiian each ahOve-mbtitioned drawing, and. tiie retardation Rlc and Rtii for manufacturing the liquid crystal display 
1 with the optinial display grace can be <» ^ 
[0064] In [tiie 5th operation form] andttim^, with tiie above 1st or tiie 4th operation form, when denving many 
properties ofa Uquid ciystal display 1, the vOltage-permeability curve etc. made tiie example tiie case where it 
computed in a simuiatipn, and explained, fot examplefO tiie otiier hancl, with ttiis operation form, an experiment 
explains tiie case where many properties are dOTvW^^ 

[0065] Thatis, in mtiimetic unit lOla shown^^^^i^^^ , it replaces, witii tiie simulatiGn processing ^ection 102 and 
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the parameter storage section 103 which are shown in drawing 3 , for example, tfie measured-value mput section 1 08 
into which a measi^ement result is inputted is formed from a user, a measunng device, eta of anthmehc unit 101a, and 
the applied-voltage determination section 106 and the evaluation section 107 have received the value from Ae 
simuMon processing section 102, and the same value from the measured-value input section 108. Each retardahon Rlc 
and Rth can be determined by this by the same method as the 1 st or 4th operation form, and the same "^^sult can be 
derived Moreover, since the white voltage Vw is determined based on the voltage-permeability curve Ta of Direction 
nrcompStion concerned can also compute the retardation Rlc and Rth which fills desired conditions with a fewer 

Se^S way! althou^^ the case where a negative film was used was made into the example as phase contrast film 
ZdTb Ld the 1 St or 5th operation fonn explained, even when not only this but a right film is used, the combination 
of the optimal retardation Rlc and Rth can be derived by the same method If it is a film i^ed as nl>n2-n3 and die 
rSation Rth considers dth as the sum total of the thickness of both the phase contr^t film, when a ngh Alm^s "^ade 
into the refractive indexes nl and n2 within a field, and the refractive index n3 of the durection of a normal Rth-dth- 
{(nl+n2)/2-n3} ~(11) 

lo067]Sli^'S«^ 

optimal retardation Rlc and Rth was searched for, it was checked that it is the same as that of each range. 

[0068] Moreover, phase contrast film 7a and 7b may be phase contrast fihns expressed by the biaxial index eUipsoid 

n addition the retardation Rth of the film concemed is also computed by the above-m«itioned formula (1 l)^so with 
Sis Ik^Sd^^stal display, the range of the optimal retardation Rlc and Rth could be denved by the same method as the 
1st or 5th operation form, and it has checked that it was the same as that of each range. , . ., . ,. 

00691 FurAermore, although the case where phase contrast fihn 7a and 7b were allotted to the both sides of a liquid 
S ceU3 ^ made into &e example and Lh above-mentioned operation form explained, youniay aUot only one 
^e Morower you may realize phase contrast film 7a (7b) for two or more kinds of phase contrast films in piks. the 
S r^^^dation of the phaTe contrast film which can derive the optimal range of Ret^dation Rlc and Rth m^d is 
Ranged between both polarizing-elements 5a and 5b by the same method even if it is which case - it was checked 
Aat th?optimal range of Rth and the retardation Rlc of a liquid crystal cell 3 is the same as the range which the 1st or 

m070m!lm6^lto# a!iquid.|y^tal ceU 3 was set as ^^f'^^m^^''^ 

iladris^ionwasmd^^^ #own:in«^^e^ abc^^^oned 

operation form, it does not r^frict to this. .For example, by the shape bfL character, as shown in ton^ 
cohfiguratibn Within a field may form the salierit 36 of a configuration m the pixel electrode 33 similarly^t Ae 
counterelecfrode of CF substrate, while the configuration of the direction of a normal forms the sa^ent 35 pt 
Y^ata. iir addttion, the interval of both salients 35-36 in the field inboard of substrate 31a and 3 lb is allotted so that 
the normal ofWslant face ksalient 35 and thenormal of .the slant.face of salient 36 may be m agreement. .Moreover, 
like salient 34 etc., each above-mentioned salient 35-36 applies a light-sensitive nature resm on the above-mentioned 
pixel electrode 33 and a counterelectrode, and can form it by processing it at a photo Ijtho^aphy process^ 
[0071] Among salients 35, on the other hand, in a portion, if the liquid crystal molecule of the field 37-38 near 
concerned:] the portion is based on absoiption shaft 51a and 516f polarizing-eleipent 5a and 5b f ^^^f ^ 
cCcters shdwn in drawing 1 in field inboard Vf substrate 3:1a and 3 lb b, in the above-mentioned structmre it will 
^Station^A^<mbf45 degrees, and the direction of 225 degrees by carrying o^.o^^^Jr^f^L 
b^the'slarit faces in Yamagata. (Dn the dth« hand, among salients;35, in the portion of another^ide of Ae co^er,of L 
characters, th^iquid crystal iMe^^ 

b6th the slant faces in Yamagata, and in field inboard, if based.onabsorp|ion shaft 51aand51b on^itation will be 
SnliSS direction of 135^lgreerand615 de^^^^ 

crvstal molecule can be carried out in the four directions like the case of dr_awingl - ^ , i . 

r(W72T Moreover, it does not resfribt to the-four number of orientation division, either, and can apply also to ^e 
p^endYcular ori;ntation mode which carried out orientation division at pMity. Fiphermore as shown m drawing 
21 in the case of the perpendicular orientation mode whichprepared semi-sphere-hke salient 34a m the pixel 

sf^d ca^^ dut axial-symmetry dnentation to it,:you may apply. On the TFT substrate (31a or 31b which 
Ae pkel eTctrode (33) in Selape of a matrix, salient 34a appUes a Ught-sensitiv^ nature resin, is proqessmg 
^Soto Mography process, and can form every one salient 3,4a for every pixel: Even if it was which case, the , 

^^^^^^^^^ toiiig a hrge-ied liquid crystal tdevision like 40 inbhes for exami4e,tiie size of each 
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pixel becomes large with Imm grade around, and only by preparing a salient (34and34a) in every one pixel electrode, 
the orientation regulation force becomes weaker and it has a possibility that orientation may become unstable. 
Therefore, it is more desirable to prepare two or more salients on each pixel electrode 33, when the orientation 
regulation force is insufficient. 

[EfSl of the Invention] For the liquid crystal display concerning this invention, the sum total Rth of the retardation of 
the thickness direction of a phase contrast fihn and the retardation Rlc of a liquid crystal layer are Rth<= as mentioned 
above. Rlc + 150nm, Rth >= 1.25, Rlc - 262.5nm, Rlc >= 75nm and Rth >= It is the composition of filling 30nm. 
[0075] With the above-mentioned composition, the upper limit and the minimum are set up about the retardation 
combination of a liquid crystal layer and a phase contrast film, and five or more contrast can be maintained, without 
carrying out tone reversal in the viewing-angle range at large [ to a direction ] which inclined 60 degrees fi-om [ of a 
substrate ] the normal, if it is set as the range concerned. Consequeiitly, the effect that the good liquid crystal display of 
the display grace of a slanting viewing angle is certainly realizable is done so. 

[0076] the Uquid crystal display concerning this invention -- above -- the above-mentioned composition ~ in addition - 
- fiirther ~ the total of the retardation of the thickness direction of the above-mentioned phase contrast film ~ Rth and 
the retaliation Rlc of the above-mentioned liquid crystal layer ~ Rth <= 1 .5 and Rlc + 80nm and Rlc >= It is the 
composition of filling 155nm. i x- i - j 

[0077] According to the composition concemed, the permeability of the direction of a transverse plane of a liquid 
crystal display can be kept at 0.2 or more times of the permeability of air. Consequentiy, tiie display grace of a slantmg 
viewing angle does so the effect that a good liquid crystal display is certainly realizable, without spoiling the brightness 
of the direction of a transverse plane, and contrast. 

[0078] For the liquid crystal display concerning this invention, tiie sum total Rtii of tiie retardation of the tiuckness 
direction of a phase contrast film and tiie retardation Rlc of a liquid crystal layer are Rtii<= as mentioned above. 1 .5, 
Rlc + 80nm and Rlc >= It is the coiiJposition of filling 1 55mn. 

[0079 j Moreover, the permeability of the direction of a transverse plane can be kept at 0.2 or more times of tiie 
permeability of air, witiiout carrying put tone reversal of it in tiie viewing-angle range at large [ to a direction ] which 
inclined 60 degrees from [ of a siibsti^te ] tiie normal, if tiie upper limit and tiie minimum are set up about tiie 
retardation combination of a liquid crystal layer and a phase contrast film and the above-mentioned composition is also 
set the irarige bbhceiiiedi Gonse^^^ a slaiiting viewing angle does sotiie effect tiiat a good 

liquW crystal display is c^ of the.directipnjpf a transyerse plane, and 

contoast.' i • • j 

[0080] the liquid crystal display conceming tills invention is set in tiie above-mentiPned composition as mentioned 
above, and the sum tot^l Rtii of tiie retardation of tiie thickness direction of tiie above-mentioned phase contrast film is 
Rth. <= 250nm and Rlc >= It is the composition of filling 3 Onm. ■ u • v a £r\ 

[0081] According to tiie composition concerned, in tiie vieAving-angle range at large [ to a direction ] which inclined 60 
degrees frpm [ of a substrate ] tiie normal, tiie voltage^permeability property which was similar to the voltage- 
permeability propeity in tiie direction of a tiansverse plane in general can be maintained. Consequentiy, even if it sees 
ttie picture displayed on a liquid aystal display fi-om which direction of tiie above-mentioned viewing-angle range, it 
becotnes a value with the in gerief al same ratio ^)f tiie luminosity between each gradation, arid tiie effect tiiat tiie 
gradation property of^ slanting viewing angle can realize a good Uquid crystal display is done so. 
[0082] The liquid crystal display conceming tiiis invention is the composition tiiat two or more fields where tiie 
response directions of a.liquid trystal rnolecule differ for every pixel are established in the aboye-mentioried liquid 
crystal layer in addition tP each aWe-m^htioned compositiPn. -Moreover, the liquid crystal display concerning tins 
invention is tiie composition tiiat tiie respoiise direction of a Uquid crystal molecule is set in general as tiie ajtial 
symmetiy for every pixel in tiie above-mentioned liquid crystal layer in addition to each above-mentioned 
composition. Furthermore, tiie Uquid crystal display cpriceming tiiis invention is tiie composition ttiat two or more 
shafts of the above-mentiofied aidd^syirm^try established for every pixel, in tiie above-mentioned , 

compbsitipn. According to tiiese composition, since a mutual field carries out optical compensation and it smts by 
oriaitation division of a pixel, tiie effect tiiat a Uquid crystal display witii tiie more good display grace of a slanting 
viewing angle is realizable is4Ghe so.' ' ■ . • j u 

[0083] The retardation selection metiiod of tiie liquid crystal display conceming tiiis invention As mentioned above, 
when tiie combination of tiie retardation of a.liquid crystal layer and tiie retardation of a phase contrast film is denved. 
The voltage-permeability property of ttie liqiiid crystal display in tiie 1st direction in which it inclines most firom [ of a 
substirate ] a normal aniong desired angles of visibility, and tile direction witiiin a field of a substrate niakes the 
absorption shaft of a polarizing element and tiie angle of. 45 degrees is drawn. It is composition: including tiie.apphed- 
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voltage detemiination process of determining the maximum point as white voltage, and the judgment process which 
iudges whether display grace satisfies desired display grace based on the determmed white voltage. 
r00841 With the above-mentioned composition, based on a desired angle of visibility and the absorpUon shaft 
orientation of a polarizing element, display grace determines the 1st worst direction and determmes the maximal value 
of the voltage-p^eability curve of the 1st direction concerned as white voltage. Consequeiitly tone reversal is not 
carried out ^thin an angle of visibility, but the effect that the combination of retardation with the moreover highest 
display grace can be derived by comparatively few time and effort is done so. . , , ^ , 

r00851 The retardation selection method concerning this invention is the composition of the above-mentioned 
udgment process comparing the contrast in the 1st direction of the above with the minimum conti-ast which should be 
maStained within an angle of visibility, and judging, in the above-mentioned composition as mentioned above. 
[00861 According to the composition concerned, the contrast of the 1st direction where display grace is the worst can 
derive the combination with which desired conditions are filled within the above-mentioned angle of visibility. 
Therefore the effect that the retardation combination which can secure the above-mentioned minimum contrast at least 
can be derived by comparatively few time and effort throughout [ above-mentioned ] the inside of an angle of visibility 

r0087me retardation selection method concerning this invention is the composition of setting up the permeability at 
tiie time of the white voltage impression in the direction of a transverse plane of the above-mentioned substrate as 
disDlav grace set up at the above-mentioned conditioning process in each above-mentioned composition as mentioned 
above According to the composition concerned, the effect that tiie retardation combination for the bnghtiiess and 
contrast of the direction of a transverse plane realizing a good liquid crystal display can be derived is done so. 
rOOSSl The retardation selection method concerning this invention is set in each above-mentioned composition as 
mentioned above, fiirthermore, based on the above-mentioned white voltage and the voltage-permeability property m 
the direction of a tiransverse plane of the above-mentioned substrate, as display grace set up at the above-mentioned 
conditioning process including the middle gradation voltage determination process of determimng the applied voltage 
of middle ffadation It is the composition of setting up the grade of similarity in each gradation voltage-permeability 
property in the aboVe-mentioned transverse-plane direction, and each gradation voltage-permeability property in the 

room IvS t^^bolr-mentioned comp^ 
d^d^dile abdve-mentioned ap^ 

voitage^erineabiliiy property W p"^^ 

case wh^e the picttire displayed on a liquid crystal display is seen from which direction of [ mtiie above-mentioned 
angle of visibility ], th^ eiffect that retardation .combination to which the ratio of the lummosity between eaeh gradation 
is similar caA'be derived by com^^^ ^ ^. , 

[00901 The retardation selecting arrangenieht of the liquid crystal display concerning this invention As mentioned _ 
above when the cSmbinatioh of the retardation of a UqUid crystal layer and the retardation of a phase contrast film is 
derived, TheWtage-permeability property of the liquid crystal display in the 1st direction m whu^h it inclines most 
from [ of a subsfrate ]^ normal among desired angles of visibility, and the direction withm a field of a subsfrate makes 
the absorption shaft of a polarizing element and the angle of 45 degrees is drawn. It is edmposition equipped witii an 
applied^vc&ed^erminatioh means to 

judge whether display grace satisfies desired display grace based on the determined white voltage _ _ 
[00911 Since tiie retardation seiecfirig arrangement of the composition concerned derives the combmation ot tti^ - 
etarditi(£of aliquidcrystal l^er,,and ther^^ . 
selection meth(ki^^ isn6t carried out . within an angle of visibihty, but .it does so the^c^that the , 

combination of retardation with tiie moreover highest display grace can be derived by comparativety few time, and 
effort. 
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[0 0 3 31 c^x% ^^mmmmxYt. m^B^Tf^mwi 

i^m^mw) 1 0 i\zx^xmM^ti^o ^m^'^mm 
10 1 \zn. i^^:^titim&^^mu:^titim&m7f^ms 

oT^tB't-'Sv'^^^— 'Va^-^tOf^ggBl 0 2^. i^^zi. 
tiSfBl 0 3^. mS^^a^^'^- h^^ h^£t'mM(D^W 

v-a >'^^gI5 1 0 5 JilBv'^ ^ U— ixg v^iij®^ 1 

0 2^mmi.x^ jiiay tJ^-'T— >3 t h • r i c 

^^15 (Bl*D®Eft^#S:) 1 0 6 ilSv'^ II. U-v- 
^) 1 0 7 ,i:;i5^tte>ixTV^-5o ±|S#SP«- 1 0 

Rth = dth - { (nl+n2) 
= dth - (nl-n3) 
ttH^o /J^^b\ ±^ (1) tC*5V^T. d th»l. ffiffi^ 

R 1 c = d 1 c • A n 

Onm) maSr^An^. ±15 S 1 LT^ffl^S 

±/i^3(D±/umd let. ^aaiff^ A n i:lcS-5v>T^ 
ffi^ix6o ^cf^iJ. y ^-x->^3 :^R 1 cio<tO*R t h 

1 c . R t h L. ±IE^ ( 1 ) . ^ ( 2 ) 

m^d 1 c. d t h^iggUTt) J:V\ 
(0 0 3 6] ±ISS l:f5J:t/S4ic:T. V^-y'—^^s 
:^R \ ciS^D^R t h(OWMM^^&^^tl^t. S5tw 

(;^fS]A) ^LT. ®rt;^f6]T*{i3fe^^5 a • 5 b 
<^)KlRtt5 1 a • 5 1 b i: 4 5S.^/irL, ?!»>0. ±|BS i 
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^^^mm^hm^mLtc^ . mm^^^LxBm'r^^j:t' 
[00 3 4] ±^mf&<Dm%^^m i o i xn. m 4 tc:;^ 

i-^X';/:/l (^^TT*tl> s i<DXo\zmm-r^) \Z$5 

v^T. -^jxi^. mm^(Dmif^fj:tizm-i^\^^x. ^M(om 
Si®* ^^m-r 6 (o/^ ^ - ^ ds/'? ^ - ^ latssB 

10 l0 3jc^S$H6o SK^'^^p'-iJ'tcfi, m&(r>^<y 
^t;ifl. m&±/i-S<Dy<y^—'$'tLX^ WxLf^. -feyi^ 

^^i^mm^^-f-y^y^-^^^t'^^^^ti^o ±IESiic 

y<y?^-^7!im^^ti^t. »nmmioi<Di^^ 

ZL u— '>3 :/M3®a5i 0 2fi. S2{;iiQi/>r. iie^-'^ 

20 [003 5] ^#^;eSB 1 0 4 S3 tc::feV> 

m^^. 6om) ts m4-m'^^m^£='>'byy^h 

(«»Jx.f^. 5) t^X:h't^o S^bJ-. S4T-f:±. 
— T^-v-a :/i^^^l 0 ^Jx.f^. ^ ywi^s 

7 a • 7 bSr?^^-r6aSf*+&Rf*^4BJ:l/>'^>'Vi^J?/^ 
^•(wS<3V>T. ffi4Bll:7>r/^-^ 7 a • 7b<Dyt5'-7^— 
v'a >R t hco^nWffi m£i^. 1 0 nm) ^r^^t" 

/V^^T^fct). ®F^CO®Jff*^n 1 *5j:C/n 2 ^ LT. & 
30 l9:^f6]<OjatJf*^n 3 ^ Ly^ii^. nl = n2>n3«w 
SS:*$HTV^'5C7)X\ &^m^^yl^J>'7 a • 7b(Oy^$' 
— -r-v^a VR t hfi. J^TO^ (1) td^-TiiplC, 

/2-n 3} 

- (1) 

^•ss^-t/v-stDy ^— r-v-3 VR 1 cii. ar*^^ 

(2) tOT^-rJ:ptc. 

(2) 

3t;i-c^^$njt*^m^ («;tf^. S«3 1 a • 3 1 

40 h(Dmm<omm:^mt(Df£'r'^mii>6om) <o:^ii^i:m 

^-rS. ^h\Z^ SlJtJPS/E^^SfR 1 0 6 11. '>^aLU- 
v^3>!ftQ.SS|5 1 0 2<^^J^L-C. (115 43. mm^Zm-t^ 
5 IC. ^®t:^rplA(:i:fc*tt6miE-Si®*ftjj|T a 

Vb <[: LT^^-r6o 
[0 0 3 7] ±l2;^f^All. ®[^-C% ±iaKiR 

1*5 1 a • 5 1 b ^ 4 sm^^ji-rn&xhr) . ±iss 3 



(7) 



11 



-^i^^^iST f ®P^;^f^;i^P^i|Xtt5 1 a • 5 1 b 

■r^ii[-e^bTv^So -^it. mm<omm^. Cv] T*fe lo 

[0 0 3 8] Ji|SS5T*ll. :^fSj A{c:ibn> 

em/E (Vw) tLX^^-r^. Z(D^^. ^J;tl^. Fr 

^m^i 0 2^mmi^x. S6\:i^\^x. ^mmjEi!)^ 

[0 0 4 0] :^mMmmxn. ^i^Vy^ 
*fti»Ta^»W"r5BStC»ai^nTV>^»<7)T% d^^^VN 

10 0 4 1] Jiias 7 (^)*ij^'efifi^/ccm^#t^;ii5^eix 
j^l&^ii. y tj'— 7^— 1 c. Rth(D*a^-&t3 

"^trnw^ox. w^mm. \ 0 111. ftii^b^ij^t-Ti- 



±l5y ^-y'-i/a ^-R 1 c ^^M-rSit^^^ 

R t h ^ R 1 c + 

R t h ^ 1 . 2 5 • R 

R 1 c ^ 7 5 n m 

Rth ^ SOnm 



40 



1 5 0 nm 
1 c - 



50 
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^«g|5 10 7*l. S9;;::fcv^x. 
/^7P<-^l5tSiH5 1 0 3<7)«i:<Sr^S1-^>/£^LT. fSS 

-X — 'XaVRl c^. *^ix.«. 1 0 nm-fo/^,b\ gf 

il^n-So -;^s y ^-y'"-v'3 v-R t h^ig;[)P 

leSSIwT. mcD^^) . ^^^10 7fi, ±|ES41^ 
y ^J'-x— >3:xg9:^SfBl 0 5l±. flRJ;i 
1 0 n m-f o/^ {tL^^y ^ 7 a • 7 b (7) y 
^-T^^-v-a :/R t h^Srm^t^ffi^y^XiSJlJP^iirX. ^ 

[00 4 2] J::|5^;*XI1. d^fe^^^ 5 a • 5 b (T^PiJljX 
W5 1 a • 5 1 bi:. 0fa<^«l?:^a<i:tcj;*3gt^$n 

^ics-^v>xem/E^ft^'r^^-a^/^<bic:it-<x. j:i9 

m:-^x^ So 

10 0 4 3] /ce*?. El4<^>^n-^^- hXll. 
aA#14;5S#ibti^^,SX*fe*€rjT*>«3oXi^6;5^ S 
*f^j:ffi^#i4/ei^#f?^xfc^t>y ^-x-v-aV-R 1 c. 
R t h^^^b^i^rX. ^Uf^^n^^tmhfx^^mSi^ 

%m-^h^ m^^x,xjmi(nx.b\ztSiho w(^®'&x 

y ^5^— r— v^a ^R 1 c. R t h<?D#<a;^^fc>-^<c: 

[0 0 4 4] CCX. m^<r>^m^. ±IES3X*{+^ 
LX^^$nS»Si£='>'h7:^ h^2. 5-12. 5^ 
X2. 5^J^X^^b$-^yh»-&<^-?:n^titC*3VNX. S 

(gn:^ h^;^ h^rit^^fg/c^ y r->-3 >R 1 c. 
/.^^ffilc:fpr«bPp1M;55/^v^^Ii: LX. ^>h^;^h5<^il 

os^x(7)«5iaxpg^ste-ii-f. L75^t>. a 

arfiiryV'Sf^y ^-x-'>a >'R 1 c W^W7 
^ /VJx 7 a • 7 b(?5y ^— -r — Va :/CO-&S+R t htl. 

- (3) 

2 6 2. 5 nm (4) 

- (5) 

- (6) 

[0 0 4 5] Ufc;dSoX. ?$S^:a^S^B 1 
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±w.(D^ (3) (6) ^ffi^-r^ct^ic. m^B 
[004 6] 2 (ommmm) t z m i (omm 

[0 0 4 7] -tti^fDh. :^UmMmx*n.. g|8i;i^-rj: 
5t-. ia4lw^-rs 3t:ift;tTIS:tten^S 2 1 tc:fev^ 

;tX»:»tbnfeS 2 2tC:fc^V>X. l?M^10 7fi. v^^ 
U-v-a ^-^S^ffJ 1 0 2 ^M^ff LX. ±ISS5X^^ 
$ m/E V w ^fnJ^D Lfc:^'g^(^iE®;^r^ cOiSi^^ T 
fw^»ttJL. ^SESIia^T f w:6S_h|Es 2 lXiS::£$ 

fi. ±|ES 5X-S^^$ti;/tem/EVw;e)^b. iEffi*r^<0 
ai§*Tfw;5So. .4 0 0 lSSXfe!9. ±I5*{+^SS* 
Rth ^ 1.5-Rlc + 
Rlc ^ 15 5nm 

[0 0 4 91 L7t;dSoX. ^^S^^l^g 1 ^SSig-t-^ 

±ie«^^ (7) ^b^izt/^ (8) ^ftj^i-^ct 

— >3i^R 1 c. R t h^^^-rtuf^. iEffi60JWS:jaj: 

*JX§6o 

[0 0 5 01 [S3 (Dmmmm^ t z m&myr^m 

fcS;5*ifA^tc:S-5v^x^^p°nffi^2pJ^i-6^-g'lcov>x - 

[0 0 5 1 1 i-f^ibh. ^mmmmxn. mi 2{Z7jk-t 
xo{z, m4\z7jk'tss{zf^^xmnhtifcs3 i\z^ 
i^x. *{4^^^gR 1 0 4 B:tfi^mf^^i^(D^{^ti. 

X. ^Pgi)|nlw:JoJt5;^f^A(OSii^T a n iES:^ 
lt^e<*^S:^LXti:V>;5S. *:||JfiJl^ffiX*i. * 

x\ 6iim7mm(om^\^m^x. iEm:^i^\^^n^& i 
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^-^vNxemmvw^i^'^^^n^o Lfc^ei^ox. 

iSg 1 i7)^< y p< - ^ ^^^X# 60 

[00 4 8] ::CX% lll6^b^J:U?El7 irR^iw, 
m^l#i4;5^#^tt7^c^^y ^-x-v-a^-R 1 c. Rt 

-rSct. 1211 0^b^J:t>*l^l 1 <o^b\zfXi^, m \ Olcib^ 
V^X. JilES 2 1 X^#i: LX^^^n-SiEffi 

*"rSloemSNFtOS7i¥T f w^O. 0 5 — 0. 45* 
XO. 0 5^J;9^lw^^l::$^fcS'&^0-^tL^*i^{cib^^X. 
^I^a3g^^3i^^|g/<C!^ ^J'-y^-v/a ^-R 1 c. Rt 

ffiiw{pI^Pn^j@;OS/^VMif^ LX. iE®::^f^(DSmiEB#coa 
jg^T f w=0. 2>|r^^-r6i:. 1^1 lco®ia<b?tt 

fw^O. 2ieJL-lil-i-6yc*!)tcfi. ^Sf0-tyW3coy ^ — 
'T^— VR 1 c 7 a • 7 b(7)y 

— 3 :;^(0-&f+R t h II. JeJlTtc:^i- J; 5 
8 0 nm • • (7) 

- (8) 

%&n<r>m^^T ivf^\oo%h \.xlEmct^h. 

jE®;^f6]{C:|bMt5l|6|5&ilC0Sji^T f 6*1. 6/7. 

#14£0*fttUX. *foIA{:iiolt'6^6P&^cr)Sii^T 
30 a 611. :;^rpJAIC4bNt6e®JE^03ji*T a 1 o 
0%i! LX. «lx.l^. 8 0%'-9 5%<D«|l«;i^^$tl 

[005 21 ifc. -^^nmWMXS-t. -ti^cD S 5 ICX. 

^ffilOeil. S3 2tC*5V^X. v-^^U— v-sV^S 
35 1 0 2^^JfflJLX. emJEVwlr:fc*lt'5E®:^r6]<7?3 
ii^Tfw^. ^mJEVbt:iiolt6jE®;^rS](7)jgi^^T 
f b <!:l::S-:5VNT. #P&^(:i:fcMt 6IE®:^r^c7D3S3i^T 

40 T f #»^fel-. «-Sig^T f nhfah^mmSL 

iE®*f6iic:^Btt^S6iit^(osii^T f 611. em 

JE^<7>aia*T f w(^*^8 5. 7%{w/.t6C0X\ 1 3 

|;i^-MES:^fSicomJE-Si^^tti^T f Ji(C:ioV>X. ]^ 
ii^T f 6 (7),SX 6 {^i^et/e-r^^iEV 6 ^ 6 P&sH^O 
HlJdnmJEV 6 i: LX^^^nSo 

[0 0 5 31 ^h\z^ ^n^(n>mmj£.ip^^%^f\^^ 

(b. S eidftxX^ft^iXT'ciS 3 3lCiol^T. ^ffiS[5l 
0 711. 'V^^U—va vMiSSPl 0 2 Sr*J»LX. ± 
>0 I5S 3 2X*^$tL^c#HJ*mfflCjolt-5;^l6lAOSJi 
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a n ^rnrnL. ^iSiSii^T a n^K JiISS 3 1 

[0 0 5 4] me^xrjm? tmmic. 

Rth ^ 250nm 
R 1 c ^ 3 0 nm 
^W^f 6 ^ - t ;js t3 So 
[0 0 5 5] Lyh;5>oT. ±|5(^^ (9) iQj:U?^ (1 

M7 a • 7 h(D]) ^ — X — a :^R 1 c . Rth 
[00 5 6] 4 oHJSJI^ffi] *:||jte?^^T*«:. _blE 

^^\mi-h^^{Z'0\i>^xMm't^. -r^xt^h. mi 6 id 
^-r J: 5 ^^mmmmx^u. m4<DS3 \zitt>h s 4 

to 0 5 71 ^tz. mi 2 (DS 3 2 irl^l^cOS 4 2 (;i 

i^m^^ti^o mi<Dmmwmt 
10 0 5 8] wwX% HI? <bfRi«(c, ^mjiU^^m^ 

1 7\z.7r^ir^b\z. m7\Z7jk'tWmt. mi l{c:^-ri5 

mt. mi ^\z7^-rmMtt^mt£^^^fz.^mtmhri 

So L^c;3SoT. (3) (10) ^T^SSM 

b(^y ^--7^— v^a VR 1 c. R t h^Wt'^^f\^\'^. IE 
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-v/aVRl c:fc^J:t/R t h(0$Sia4r^i-^iSi»T-fc 

t). *r^Aicioftsem/ESi*o^<?5aia*T a 1 0 

0%<tLfc<^t. 5 7. 5%;6>«b 9 5%^T\ 0. 7 5 

o%cojaia^^tRi-Scb, 01 5(oifiiffl^;iSo raia^^ 

>R\ c ts itL^^'y ^ /l^M 7 a • 7 h<DV ^—"f—i^ 
a l^cD^nR t h Jl^TtC^f J: 5 IC. 

... (9) 
- (10) 

Ltcm^Bm7r:mm i ^mm.x^ So 
10 0 5 9] tz^x\ mi^j:\'^i^m4(Dmmmmx 

20 {imm-y -C /l^J^7 a • 7 b(Oy r — '>3 VCD-g^ 

f+R t h^??J«!ffi^^e:,^fb:^ii:S circle. ^^B^oft;^^^ 
^t:Lfc:^.i&T% ?K^ir/U'3coy ^— T^-v'a ^R 1 c 
^{b^i^TT. JilSy r — i^R t hO^M^»!3 
3gLTV^S;5^ fFttiife,^ ( y ^-7^- a >-R 1 c^qJ: 
U^R t h OM^-a-*:?^) w;^L{;iRgSt co 

T'tt/j:v\ «iJx.r^. mi 8 Id^-r J: 3 Id. 
^v^r. My iJ'— r— '>3 VR 1 Rtho^:^^^ 

[ 0 0 6 0 ] ^^^K3id*i, y ^--r-i/a VR 1 c*3j: 
30 t/y ^5^—7^— '>a :^R t h^tt^i-S 2»:5c-^iy:r_b 

T\ ^m-i. tt^tds^ (R 1 c. Rth) ^mrj. # 
mi<r>m:mmm<r>mx-tx. ^.^m\z.^ igi4»dji^i-s 

s^xrjs eco^m^^oX. :^[^A(0^>' Vy:^ 
[0 0 6 1] r::T\ ^M.(D^h. mm(D\^\^mfi^hM. 

CK C 2 joJ:t/C 3 i: Lfctt. ;SC 2 J:T/.SC 3 
(O^.^^nmx^. ,-^€4 <ir-rSo ^f^i^. ±|B.SClir 
.^C4 ^<lrS2plc:. 1 : 2 cO^^.*[, 4^,^. 2 : 1 
40 5>,^:fcJ:t/3 : 2C0^4}^,SSr. ^tl-eHD 1 -^D 4 ^ 

[0 0 6 2] $fDld, .SD l'-D4C0 5*>> 
igl\SE^.^C 1 ^g^fex.. ,^E. 2:fc*J:O^^C 
3c0^tf^ite^L. SfficoffivWmtd. fr/c/.^,^Cl. C 
2ioJ:t/C 3 i: LT. .^D 1 '-,^D4(^^m:fc^J:t/^^ 

50 g8»-T?gm$ixs*g^i?ffi«[{c:s-:5v>T. ^^^m\zn^ 
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[0 0 6 31 JilS^rfeTt. emffiV w;i^*I^ AcT^mJE 

So 

[0 0 6 41 im5(Dmmmm} tz^x. ±iaiBi/cC 

i^B^xwrn-r/^m^^mizi^x^mLtco ztticML 
X. *ii«ii?^«i-efi. nifeicijzoT. st^tt^r^a-r-s 

[0 0 6 5] -rn^t^-b. 0 1 9 {Zfjki-mn^m 101a 
"C«. 0 3lJ:^i-'>^ ^ U— v'a ^^*JL3agPl 0 24aj:at 20 

Rth=dth - {{nl+n2)/ 

[0 0 6 7] C(?5?dE^B^;^3^^-C^. ml/cCV^L^5^D 

:^R 1 c4oi:tJ?R t h<?)«iffl^*i6Si:. -?:n-€n<?5t6 

m t T'fc e c tmm ^ titc, 

[0 0 6 8] ^fc. iiLm^y 7 a • 7 bJl. 2 

©ifi^^lf R *^-C^a ^ n 6 a^SM :7 ^ ywi^ Tit) o T t J: 
V\ /j:^b\ ^R77>fyVA(?Dy ^— v^-'>3>R t ht3± 30 
155^ (11) lcJ:oXSm^ixSo Ccoi^f0^^3^@T* 
^l/^v^Lm5 0^ffifl^^<^l^«<D;^feT\ Sig/cC 

y ^— X— '>3 ^^R 1 cii5,ta«R t hcoeia<sr*mT- 
[0 0 6 9] J:ia€-^j6Sjf^«x*ii. fi:taM^^ 

M7a (7b) ^|imUTt>SV\ V tlc^#^Xi5o 
Ttj. PM*0:^ftX. y i^'-^T'— VR 1 c*5cfctJ«R 40 

t hCO^jg/^ffiia^^ttiT^. Pl{l3t^^5 a • 5 br^^ 
iwgE$ix6ffi*Bll:7^>'Vi^(oy ^-•r-v'a XD-^ftR 

t h tm^'^yl^3<DV ^—f—iya^R 1 c i:0*ig/j: 

[0 0 7 0] /^4b\ ±m^mmmmx\t. m 2 ic^-r^ 

{zm^'r^m^^m\^LxmmLtzt)K zti{zm^i><n 
xn^j:\.\ mx.it. 0 2 0 i;i^-r J; 5 mmm,ms3 
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ti^m^mA:t3^ 10 8 T^^^mi-fhtix^ ^ . mnmjEis^ 

^g|5 1 0 6*5j;t/lfffigBl 0 7fl. U~'>3 V^Q. 

mUl 0 2 7&^^(7)ffiirR^cr)f|i[^aiJ^fitA;^g|5 1 0 8 ^> 
e5§ft^orv^6o ^ i /cCV^Lm4cD||^g 

?I^ffii:l^«o;^^;feX#y ^-T^-i/H VR 1 c:}^5J:l/R 

S<7:)^ff=^«/c-ry ^J'— 7^— -Va ^^R 1 c*dJ:U^R t h 
[0 0 6 6] <b:i^T\ ml/.^V^Lm5(?5||^fe?^^T• 

II. ffi4e^>^>r/^A 7 a • 7 b ^ LT. :^:7^/w^^ffi 
^\^J^^m\^fz.^^Xi^. mm<n:hmx\ mm^^'J^-y" 

So jE^-r/^J^I^. D5rt<?)JaifT^n 1. n2. felS:frf$J 
OSSf^n 3 t Lfc^^lC. n 1 > n 2 = n 3 <t/cC6:7 
-T/'W^X-fcoT. -?:<7)y ^J'— v-sZ/R t hH. dt 

2-n 3} (11) 

v^(o^&3 6^mnxt>x\^\ mms l a • 3 l 
mm3 4 ^j:t*tmm\z^ ±mmmmm3 3^xt/Mi^m 

[0 0 7 1] ±fEt^i^X?l. 35(D^h. L^COM 

^(r>-:^^^xns mm^^^m<Dmm3 7 - 3s<Dm 
&6i^^ii^[hm<omi^m\zr^^xm\^i.. s«3 1 a • 3 
1 bco®f^:^jp](ciov>x. m 1 \:i?jk-rm^miF- 5 a • 5 

h(Dm^m6 1 a • 5 1 h^mm\Z-r:tt. 4 ^^(Dyj 
\^t 2 2 5m<D:fj\^t\Z^m-t^, — ^fi3 5>)p 

3 9 ■ 4 0(?Df^S5)-^/ii5aj?^(7)(W#4®IC»oXgEf6]L. 

®l^:^^^ic:fc^v^x. istetts 1 a • 5 1 h^mmiz-r^ 

1 3 5i!t^ 3 1 5iScQ*fpJic:fi£l6li--5„ CtllClJ; 
4*^rfiliwg£f6j^SiJX#So 

[0 0 7 2] i£|6j5>flJ<7)at>4lCPS6t(7)Xti?tC 

6o ^e^d. 02 1 {C/i^-r<i: iii^mfiB3 3 1-^^ 
^^(7:)5^^3 4 a ^^tt. tt>ftl^g£i6j Lfc^iagfif^^- K 

<om^{zmmLxi^x\^\ ?5je3 4aii. p/^ms (3 

3) h V ^ :^m^mi^lLfcT F (3 1 a ^fc 

*i3 1 b) ±i;i. 3tiS/C'l4«Jig^^*L. y;*- h y y^/ 
^:7>r-xmx;!iPX-rs;i«i:X% #lf*&(ri o-f ogg 



[0 0 7 3] *fc. A 0^ :y^(0^b^^^^(0 

mSky'i^^^^'B^'t^m^^ #lf^(?Di^>r Xfi, imm 
m:^n.&t^^<^^Ki. jU^mi^l::: 1 o-f o^jg (3 4 

• 34 a) ^KftTtyt'ttXil. gEf^«^J;^;iisg§* t). Sd 

[0 0 7 4] 

^ftR t h ?KSM«?^y ^-7='-'>3 ^-R 1 c <i:;iN 
RthS Rlc + ISOnm.Rth ^ 1. 
25-Rlc - 262. 5nm. Rlc ^ 75 
nm. R t h ^ 3 0 n m^«fc UT V^6^ 

[0 0 7 5] ±wm0.x\^. m^um^^xm.^m.-y >( 

[0 0 7 6] i^±coJ:5 

^coy ^— T^~>3 >R 1 c .Jr;6^ Rth ^ 1. 5 
•Rlc + 8 0 n m. t^^. Rlc ^ 1 5 5 n 

[0 0 7 7] ^umm^xfx^^. m^Bm7f:^m.<oiEm:^ 

[0 0 7 8] *:^PJ(c#6ffif0^7]^3^g*i. U±(r>^ b 

f+R t h m^m(D^J ^-y^— V3 VR 1 c .1:^^. R 
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RETARDATION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
display device of a perpendicular alignment mode in -i^ 
which the retardation between an optical retardation film 
and a liquid crystal layer is controlled to the optimum 
value, and to provide a method and an operational device 
to derive the optimal retardation range by a small 

number pf process. / y^^7»r>ft^>^^^^^ 

SOLUTION: When the retardation of the liquid crystal 
cell 3 and the retardation of the optical retardation films 
7a, 7b are to be,determined into a proper combination in 
the liquid crystal display device 1, one combination is 
first selected, and the voltage-transmittance curve Ta in 
the direction (A) which is the largest angle in the desired 
viewing angle range and makes 45* angle with the 

absorption axes 51a, 51b of the polarizing elements 5a, , - 

5b in the plane direction is derived Further, a peak jT^ yT-.?'?'^3feSJr 

voltage in the curve Ta is defined as a white voltage Vw. 
Then the display quality such as contrast in the 
direction (A) is evaluated based on the white voltage Vw 
to derive the optimum combination. 
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